Introduction
Study of unsteady atmospheric flows around irregular obstacles with regard to the specificity of the relief presents an important basic problem of aerodynamics. This paper is directed to consider several interrelated problems: predictions and measurements of unsteady wind loads at high rise buildings and urban development with regard to discrete roughness, vegetation and wood, and relief in the coastal region "sea-land"; computation of vibrations of high rise constructions as acted upon by sign-variable wind loads; determination of a rational location of building structures on the relief in terms of the criterion of minimal drag to the wind action; ecological monitoring of the relief; investigation of averaged characteristics and pulsation characteristics of the flow near an isolated body, tandem and a pack of bodies.
State of the problem. Review of methods and results
The problem of this paper is related to one of the perspective directions of building aerodynamicsstudy of unsteady separated wind flow around constructions bound up with the vortex dynamics at the presence of a discrete roughness, vegetation and forests and the relief in the coastal area. At a new stage of developing numerical simulation method with the use of semi-empirical and static turbulence model, it is urgent to solve the problem of controlling flow over an urban area stood with high rise buildings with regard to discrete roughness of the relief in the coastal area "sea-land".
Systematic numerical investigations that were made during the last several years rest upon the many years' experience in numerical simulation, the most important priority results being obtained in the following fields:
а) designing and analysis of factorized algorithms using multiblock technologies for computation of separated flows of inhomogenous liquid and heat transfer; b) solution of complex tasks of control of separated flows by organizing large-scale vortex structures, including in the case of selecting nontraditional aerodynamic shapes of blunt bodies with the intent to reduce drag and to enhance heat and mass transfer processes; c) numerical study of the effect of geometric and working parameters on the separated flow structure, identification of jet-vortex structures in 3D separated flows, interpretation of unsteady periodic 2D and 3D vortex formation processes, development of original procedures of computing periodic flows and heat transfer in space coordinates, creation of high-efficient computational codes (VP2/3 -velocitypressure, 2D/3D) for numerical simulation on personal computers and multiprocessor clusters with an accuracy sufficient for engineering practice.
There is nearly forty-year experience in multi-dimensional numerical simulation of vortex and separated flows, including those in the annex to the aerodynamics of bluff bodies with vortex generators. The experience is summarized in the series of monographs [1] [2] [3] . Priority is given to the development, validation and application of turbulence models for solving problems of unsteady aerodynamics [4, 5] . Of particular note is the analysis of drag reduction models of high-rise buildings based on the throttling effect [6] .
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The development of mesoscale mathematical models which are taking into account the influence of terrain orography on the formation of surface wind flow interacting with an ensemble of high-rise buildings is one of the most important solvable problems of this paper. So far, this trend was developed in the framework of themes related to the prediction of hazardous wind shear in the neighborhood of airports during take-off and landing of an aircraft [7, 8] . Mainly, the considered subject matter is combined with the current trend in thermal physics, dedicated to the vortex intensification of heat transfer in the flow over the surface with holes and protrusions, where a considerable experience is also obtained in the analysis of the jet-vortex mechanism control [9] .
During almost ten years the direction of the numerical simulation of ventilation tunnels and underground structures has gradually grown into the problems of building aerodynamics. Moreover, it should be noted that a recent study conducted in collaboration with experimentalists at the Institute of Mechanics of Moscow State University (Figure 1 ) [10, 11] can be considered as an important step of the development of numerical studies based on the use of different scales overlapping grids multiblock computational technologies and package VP2 / 3, which in its quality is not inferior to such universal packages like "Fluent" and CFX [12] . 
c)
There is the extensive experience in designing, creating and using hot-wire equipment for measuring of average and fluctuation characteristics of flow over a wide speed range at the ITAM SB RAS [13] . It is known that hot wire is the most appropriate tool for measuring fluctuations in the flow of gas and liquid. The ITAM group has also performed a number of studies and obtained new results, which allowed essentially developing a technique to measure fluctuations in the compressible and incompressible flows. An original universal method of determining the coefficients of hot-wire probe sensitivity was developed [13] . The method of fluctuation diagrams used in the ITAM can not only determine the velocity fluctuations, but also density, temperature and pressure. The method of fluctuation diagrams proposed by Kovazhnay for supersonic flow was developed by the ITAM group and made as the available one for subsonic flows. In particular, it was shown that the output signal of the hot-wire probe corresponding to acoustic-type fluctuations depends not only on the intensity of these fluctuations, but also on their orientation in the flow and the relative position of the probe and the fluctuation source [13] . Analysis was made for localized sources of acoustic fluctuations and acoustic fluctuations of equal intensity, evenly distributed on the surface or in the flow. With using of the obtained results, methodical measurements of fluctuations in test sections of different wind tunnels were carried out, including the transonic wind tunnel TWT at NCKU.
Исаев С.А., Ватин Н.И., Лебига В.А., Зиновьев В.Н., Кэ-Чин Чан, Цзюн-Цзи Мяу. Задачи и методы численного и физического исследования аэродинамики высотных зданий в прибрежной зоне «море-суша» A number of researches on the flow around cylinders of different configurations streamlined with subsonic flow in the range of Reynolds numbers were made at the National Cheng-Kung University, including critical Reynolds numbers up to 600,000. Studies of the flow structure around circular, rectangular and trapezoidal cylinders were made with detailed measurements of the fluctuations in the vicinity of the cylinder using the surface film sensors, while velocity fluctuations in the cylinder wake using usual hot wire probes. The measurements were performed by means of an array of MEMS-sensors located on the surface of the cylinder. The measured data were processed with wavelet transformation, which was developed in DAA group of Taiwan, to investigate the characteristics of unsteady flow separation and propagation of the vortices.
Both intrusive and non-intrusive measurements will be performed in this research to verify the capability and uncertainty of these measurement techniques in the wake flow. Hot-wire and split-fiber film probes will be applied in the developments of the intrusive techniques, while the PIV measurements will be performed as the non-intrusive technique to make comparison and verification of the data. The working principles of these measurement techniques are quite different. Sometimes the PIV technique is used to measure the velocity field of the wake flows. However, the accurate measurements using PIV technique depend on the treatments of the seeding particles in the wake. It is necessary to control the quantity, density and uniformity of the seeding particles to avoid the particle collisions in the wake what can be a reason of measurements distortion. Furthermore, it is supposed to perform the measurements of the high rise structure in the ABRI meteorological tunnel with using PIV technique. However, it is quite difficult due to insufficient laser power and too small field of the view (FOV) of the camera lens, because the ABRI meteorological tunnel has a large test section with dimensions of 4 m in width and 2.6 m in height.
In contrast, the measurements with hot-wire and split-fiber film probes are performed without aforementioned difficulty. In this research, the measuring scheme of hot-wire and split-fiber film probes can be verified through the comparision with the PIV data in the wake behind a long cylinder (twodimensional flow). There are three particular regions of the flow characteristics in the wake, including the free stream region, the mixing layer region and the recirculation flow region. The data of the hot-wire measurements in the free stream and mixing layer are correct enough for the bench mark data as comparing to those measured by split-fiber film probes and PIV techniques. However, the split-fiber film probe is capable of distinguishing positive/negative velocity in the recirculation zone of the wake. Hence, the technique of the split-fiber film probes can be used in the ABRI meteorological tunnel as a part of measuring scheme and its using ought to be confirmed both by the hot-wire measurements outside the recirculation flow and by PIV measurements inside the recirculation zone.
The experiments of the wake behind a long cylinder should be firstly performed in the facility of a small blow down wind tunnel with horizontal test section including the settling chamber, contraction section, and noise reduction chamber. The size of the test-section of the wind tunnel is 40 mm × 40 mm. The size of the cylinder will be selected as the Reynolds number of the wake flow is corresponding to the Reynolds number of the flow in the coastal zone.
The PIV system consists of a pulsed diode laser, a high speed camera with a 50 mm Nikon standard lens, a synchronizing timing hub, and a personal computer for data acquisition. The wavelength of the diode laser is 795 nm and the maximum pulse power is 10W. The camera frame rate for capturing digital images is 2565 frames/s with full resolution of 512×512 pixel 2 . The illumination is made with a pulse separation period of 60 μs. Each data of turbulent flow properties is analyzed using 2200 frames. Based on these experimental conditions, the maximum tracer displacement (Δx m ) is estimated to be four pixels between the two sequential frames, which is equivalent to 0.125 mm/pixel of the camera spatial resolution. Seeding tracers with the nominal size of 2μm are generated by a Laskin nozzle (using olive oil as the working fluid).
Poor illumination of the PIV measurement stemming from non-uniform tracer distribution particularly in wake results in blurred images with less brightness and low contrast. It requires the spatial filtering implementation to sharpen the blurred edge of an image. There are generally three spatial filters, including Laplacian, Prewitt and Sobel filters. Among them, Prewitt and Sobel filters are suitable to perform unitary sharpening which can fit the flow condition with anisotropic velocity gradients such as occurred in shear layer. Since high dynamic range of gray level is required for the accurate crosscorrelation calculations in PIV measurement, an image post-processing who combined the gray level transfer function for contrast enhancement and the spatial sharpening is employed for the PIV measurement in the wake.
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The measurement techniques include the following topics: a) quantitative analysis of the instantaneous behaviors of vortex shedding behind two or threedimensional bluff bodies [13] [14] [15] [16] ; b) non-stationary characteristics of vortex shedding of bluff bodies at critical Reynolds numbers [17, 18] ; c) intrusive measurement of instantaneous positive/negative velocity with high time resolution [19, 20] ; d) quantitative measurement of the instantaneous behaviors of turbulent flow by means of PIV diagnostics [21] [22] [23] .
Possible methods and approaches to solving the stated tasks
The work can be executed mainly by numerical simulation methods with a wide use of multiparameter physical experiment.
To solve 2D and 3D problems for the wind action upon a building structure, there will be made the mathematical models based on the system of unsteady Reynolds number averaged Navier-Stokes (URANS) equations for turbulent flow and the energy equation (when compressibility is to be taken into account and the equations of continuity and state are added). The governing system of equations is closed with the differential equations of the chosen semi-empirical turbulence model. The considered problems are proposed to use the low Reynolds number versions of the zonal model of Menter's shear stress transfer [24, 25] modified with regard to the influence of curvature of streamlines on turbulence characteristics within the framework of the approaches of Leshtsiner-Rodi-Isaev [3] and Smirnov-Menter [26] [27, 28] . The Spalart-Allmares one-parameter model of vortex viscosity with correction for Spalart-Shur rotation is used [29] . An additional semi-empirical constant in the correcting linear dependence on the turbulent Richardson number is determined from many numerical experiments (when solving the problems of liquid circulation motion in a square cavity and of flow around a disc and a system of discs; execution of a comparative analysis of numerical results with experimental data of Mailz, Karmodi, Morel and Bon, Roshko and Kenig, with the results obtained by the algebraic Reynolds stress model proposed by Rodi) and for Menter's model it is taken equal to 0.02 [3] . In addition to URANS, consideration is made of the model of comparative scales of SAS-MSST in Davidson's interpretation [30] . Also, for comparison it is planned to use the model of large eddy simulation and detached eddy simulation (LES/DES) [31] .
The system of the governing equations is written in delta-form in the curvilinear coordinates connected with the computational domain boundaries relative to the increments of dependent variables including Cartesian velocity components. Upon linearization, the system of the governing equations is solved by the finite-volume procedure of SIMPLEC type based on the concept of splitting into physical processes [32, 33] . In this case, the Е-factor scheme is used to decrease the influence of numerical diffusion in computations of flows with organized flow separation, which are very sensitive to approximation errors of the convective terms, the explicit part of the transport equations uses Leonard's square upwind scheme [34] . Discretization of the convective terms of the transport equations of turbulence characteristics and the energy equation is made according to the UMIST scheme representing a version of the TVD scheme for incompressible flows [35] and according to Van Leer's scheme for compressible flows [36] .
Computations of different-scale flows are made on multiblock multilevel grids with their mutual overlapping. An original procedure of parameter interpolation is constructed at coinciding meshes with a different-grid structure that provides proper conservatism in solving the stated problems. The developed factorized algorithm is extended to the case of multiblock computational grids within the framework of the concept of decomposition of the computational domain and of generation of oblique Н-and О-type meshes with overlapping in the distinguished different-scale subregions. Values between overlapping meshes are transported according to the multiblock grid strategy with the use of non-conservative linear interpolation. The equivalence of the proposed method and the known method of conservative interpolation is proved. To design curvilinear meshes coinciding with the boundaries, approved computation algorithms of algebraic and elliptical type are used [37] .
A specialized multiprofile code VP2/3 is designed using the multiblock computational technologies (MCT). Its parallel version is meant for computations on cluster multiprocessor systems and, first of all, for computations of unsteady processes in 3D separated flows. Testing showed that this approach is similar to the use of adaptive non-structured grids, but it needs much less computational resources and processor time. In the main, the high computational efficiency of MCT in comparison with traditional
TESTING
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Исаев С.А., Ватин Н.И., Лебига В.А., Зиновьев В.Н., Кэ-Чин Чан, Цзюн-Цзи Мяу. Задачи и методы численного и физического исследования аэродинамики высотных зданий в прибрежной зоне «море-суша» approaches is determined by an essential decrease in the used grid resources, since "superfluous" mesh nodes specific for monoblock grids with the crowding of lines are cancelled, аs well as mesh steps change non-monotonically. It should be noted also that the VP2/3 code contains computation modifications of wall flows when combining the turbulence low Reynolds number models and the wall functions. In addition, instead of widely used inlet boundary conditions, as which one usually uses velocity profiles taken from experiments or the theory of integral relations, the approach based on the iteration parabolized procedure is approved. This approach does not practically introduce disturbances into the solving of the problem in the vicinity of the inlet boundary of the computational domain and allows one to make it essentially closer to the considered vortex generator. Following Menter, it is proposed to compute a distance to the nearest wall on the basis of solving a special equation of Poisson type. This approach permits one to make the determination of the important characteristic easier in solving the low Reynolds number equations for turbulence models in the case of the multiply bounded regions of complex geometry.
The specificity of the investigation is the complexity of study, namely, the execution of numerical simulation of flows corresponding to experiments in wind tunnels. In what follows, one will make mutual verification and add computation results to the data of many-parameter physical experiment aimed at determining the influence of geometric and working parameters on characteristics of wind loads both at a single obstacle and a group of obstacles of different geometry with regard to the disturbing action of discrete roughness and elements of the relief.
The experimental part of investigations is to visualize flows in the vicinity of bluff bodies and to measure aerodynamic drag, averaged and fluctuation characteristics in the wake behind them. Experiments will be made in wind tunnels at ITAM SB RAS and in the meteorological wind tunnel of ABRI. To make the preliminary experiments and to make the equipment ready, it is planned to use wind tunnel Т-325М at ITAM. Experiments will use cylindrical and rectangular models, both isolated and arranged in a package. Information on the development of flow disturbances will be obtained with the use of hot-wire measurements. In order to do this, software-controlled hot-wire complexes operating on the constant current and constant temperature principles, as well as Kulite pressure transducers with a frequency range up to 200 kHz will be used. In addition to the traditional single-wire probes, it is planned to use split-fiber film probes, DANTEC 55R55, to detect the recirculating motion within the wakes behind the constructions because of its potential capability for simultaneously measurement both the flow direction and high-frequency velocity fluctuations. A nonintrusive method of measuring the velocity distribution, which does not disturb the flow and is capable of distinguishing flow direction, namely, particle image velocimetry (PIV), will also be used to validate the measurements made with split-fiber film anemometry, particularly in the recirculating flow regions. To investigate the unsteady and nonlinear processes it is proposed to use the method of the Wavelet analysis and higher statistical moments for processing computation results and experimental data. These methods have undoubted advantages since they provide a basis for obtaining a full spatial-temporal characteristics of the phenomenon.
Some details of the study and expected results
The first part:
• classification of typical constructions and making a catalogue of tasks of architecture-building aerodynamics on the basis of combining different-type structures with typical discrete roughness (hills and valleys) and meso-scale elements of the relief; • formulation of the problem of vibrations of a high rise building under wind loads;
• development and testing of algorithms and software (in С++) using MCT oriented to many computations within the framework of URANS and SAS as applied to clusters; • designing, manufacturing and testing of models of physical experiment in the wind tunnel Т-325М at ITPM SB RAS for measurements of averaged and fluctuation characteristics in the wake behind bluff bodies; • development and ready for measurement methods capable of distinguishing instantaneous positive / negative velocities and their fluctuation components with using the hot wire and film probes in the wake behind a long cylinder (2D flow); • writing and approving software for control of hot-wire measuring complexes and for experimental data acquisition and processing during experiment, as well as formation of the database; • designing, manufacturing and testing of the model (long cylinder, 2D flow) for the experiments in the small-scale low-speed wind tunnel of DAA; • development and the ready for measurement method capable of distinguishing instantaneous positive/negative velocities with high time resolution by use of split-fiber film probe;
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• development and the ready for measurement method using the PIV method for quantitative measurement of turbulent flow in the wake behind a long cylinder (2D flow) with the intent to determine an instantaneous velocity field; • problem formulation and the ready for the numerical simulation of turbulent flow across a long, horizontal cylinder by using available URANS models.
The second part:
• through comparing their measured data with the corresponding numerical predictions; • designing, manufacturing and testing of models to be tested in the ABRI meteorological tunnel in order to investigate wind loads at various layout of constructions under disturbances located upstream.
The third part:
• statement of the task of a wind flow formation in the coastal area "sea-land" and the development of factorized algorithms and software for solution of the tasks stated above; • ecological monitoring of the relief with the urban area, including in the coastal zone;
• analysis of procedures of drag reduction of high rise constructions (formation of ensembles, use of the throttling effect, and determination of a rational location of buildings on the relief through the criterion of minimal drag to the wind action; • performing the experiments in the ABRI meteorological tunnel, associated with tandems and ensembles of high rise construction models in view of discrete roughness and relief with the intent, to reduce the drag of constructions and to find their rational location on the relief; • comparison of experimental results with numerical simulation data.
After the investigation has been executed, it is planned to obtain theoretical and applied outcome.
Theoretical outcome
1. Methodical developments for computation of the wind action upon a high rise construction and the urban area in view of discrete roughness, vegetation and relief.
2. Comparison of the numerical simulation estimates of the wind action upon constructions investigated in the meteorological tunnel and of the wind flow in the coastal area "sea-land".
3. Ecological monitoring of the relief and the urban development, including in the coastal area. 4. Development, approbation, and verification of the grid -gridless method for numerical simulation of disturbance transfer at large distances in an effort to refine the computation of a far wake at wind loading of constructions.
5. Comparison of numerical predictions of the wind action upon high rise constructions in the framework of URANS, SAS-URANS and DES. 6 . Results of the analysis of the acceptability of the town-planning concept based on minimizing the force wind action upon building constructions with reference to the relief.
7. Development of factorized algorithms and software (in С++) using the multi-block computational technologies realized in the modified code VP2/3 for solution of the stated problems of architecturebuilding aerodynamics with regard to the coincidence of inlet boundary conditions and rough wall Исаев С.А., Ватин Н.И., Лебига В.А., Зиновьев В.Н., Кэ-Чин Чан, Цзюн-Цзи Мяу. Задачи и методы численного и физического исследования аэродинамики высотных зданий в прибрежной зоне «море-суша» conditions; development of the parallel code version means for numerous computations within the framework of URANS, SAS and DES as applied to multiprocessor, cluster systems.
Applied outcome
1. Development of measurement techniques to be suitable for investigation of turbulent flow fields which are associated with instantaneous positive / negative velocities and high frequency fluctuations.
2. Validation of the proposed approach of multi-block computational technology through comparisons of the numerical predictions with the database obtained with using of the intrusive techniques including hot wire and split-fiber film probes.
3. Results of the analysis for drag reduction of high rise constructions under various wind loads (formation of ensembles, use of the throttling effect) 4. Recommendations on drag reduction of combined constructions and ensembles to substantiate a perspective town-planning concept.
Isaev S.A., Vatin N.I., Lebiga V.A., Zinoviev V.N., Keh-Chin Chang, Jiun-Jih Miau. Problems and methods of numerical and experimental investigation of high rise constructions' aerodynamics in the coastal region "sea-land" doi: 10.5862/MCE. 37.8 Problems and methods of numerical and experimental investigation of high rise constructions' aerodynamics in the coastal region "sea-land"
Among the problems to be solved, there are several interconnected tasks: prediction of unsteady wind loads on high-rise buildings in urban area taking into account discrete roughness (including forests and topography) in the coastal zone; rational arrangement of buildings in the city area on the basis of the minimum drag criterion; experimental study of mean and fluctuation characteristics in turbulent flow over isolated body, tandem and packages of bodies. Application of numerical simulation in the framework of multiblock computational technologies to make valid prediction of wind loads in urban area with high-rise buildings using an approach based on solving URANS equation system jointly with SAS-MSST models of turbulence can be used. The special attention is paid to development of the coordinated conditions on entrance border of calculating area on the basis of the solution of a three-dimensional task on evolution of atmospheric boundary layer on a rough surface.
